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1 INTRODUCTION

1.1 BACKGROUND AND PURPOSE
The Anderson Dam Seismic Retrofit Project (ADSRP) is being undertaken by the Santa Clara Valley
Water District (District, SCVWD) to correct Anderson Dam deficiencies identified in previous
studies. Construction of proposed improvements will require a cofferdam to intercept and bypass
reservoir inflows around the work site through a diversion system so that excavation for, and
construction of a new replacement dam, can proceed in the dry. Temporary pumping capability will
be required to bypass reservoir inflows around the work site during the first year of embankment
excavation (ADSRP Year 2) while the cofferdam, diversion system, diversion intake, and extension
pipe are being constructed. During the last year of embankment construction (ADSRP Year 6), the
temporary pumps will convey flows up to the high-level outlet works (HLOW) while the low-level
outlet works (LLOW) is completed.

The purpose of this technical memorandum (TM) is to present the basis of design for the preferred
cofferdam alternative including type, size and location of the cofferdam, the criteria for
configuration and the capacity of the temporary reservoir bypass pumping system, and the criteria
and methodology used for sizing of the diversion extension pipe. Previous versions (Version 0 and
Version 1) of this TM presented the evaluation of potential cofferdam alternatives and developed
the basis of design for a preferred cofferdam alternative. That alternative involved dredging the
lakebed sediments in the wet to expose a stable foundation followed by backfilling of the excavation
with granular backfill and installing a sheet pile wall through the fill to provide a seepage cutoff to
rock. The dredging alternative was selected in previous versions (Version 0 and Version 1) of this
TM because it offered a lower construction risk and had less construction uncertainty than the next
alternative, which was a cofferdam constructed by displacing the lake bed sediment.

During the course of the design phase, additional dam safety deficiencies were identified including
embankment transition zone quality, fault rupture across the embankment, and potentially
liquefiable soils in the upstream dam embankment. The project was modified to address these
deficiencies through removal of most of the existing Anderson Dam and replacement with a well-
compacted, zoned embankment dam. Construction sequencing of the project no longer allows for
the duration of time required to construct the previously preferred cofferdam but can
accommodate a cofferdam built by displacing lakebed sediment. The current preferred alternative
is a displacement cofferdam that would have a wider crest than described in the previous
Cofferdam TMs to reduce construction risk and uncertainty described in the previous TMs.

This TM builds upon the revised design modifications; the previous Cofferdam TMs (URS, 2014,
2015, 2018, 2021a), and the Diversion Basis of Design (BOD) TM (URS, 2022) that presents the two
temporary diversion systems, that will be needed during construction. The two diversion systems
are the Stage 1 Diversion System constructed during the Anderson Dam Tunnel Project (ADTP) and
the Stage 2 Diversion System constructed during ADSRP Year 2.

1.2 SCOPE OF WORK
The scope of work for this Cofferdam TM is to address the following:
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1. Define the basis of design for the cofferdam, the bypass pumping requirements, and sizing
of the diversion extension pipe that will extend from the Stage 2 Diversion System intake
structure upstream past the cofferdam.

2. Make a recommendation whether the cofferdam should be designed as part of the Contract
Bid Documents or whether the cofferdam can be designed by the Contractor as part of their
temporary site works to a set of criteria provided in the Contract Specifications.

3. Assess design and construction risks associated with the proposed cofferdam.

4. Develop the design of the cofferdam for constructability evaluation and for scheduling and
cost-estimating purposes. This includes descriptions of methodologies used, input
parameters and assumptions made, and results of any analyses. It will also consider
potential material sources and project schedule.

This TM does not address environmental or permitting issues associated with dewatering the
reservoir nor does it address downstream handling, treatment (if needed), and release of water
being pumped around the work site through the temporary bypass pumping system or passing
through the Stage 1 or Stage 2 diversion systems.

1.3 ORGANIZATION OF TECHNICAL MEMORANDUM

The TM is organized as follows:

1. Section 1 presents an introduction and the scope of work.

2. Section 2 presents the basis of design

3. Section 3 presents the rationale for designing the temporary cofferdam as part of the project
design rather than making it part of the Contractor’s temporary works.

4. Section 4 presents the design for the preferred cofferdam.

5. Section 5 presents limitations of the TM.

6. Section 6 lists references reviewed in preparation of this TM.
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2 BASIS OF DESIGN

2.1 PURPOSE
The primary purpose of the cofferdam is to intercept reservoir inflows in order to allow a dry work
area immediately upstream of the dam during the dry season. Storage created behind the cofferdam
dam will initially serve as a forebay for a temporary system of pumps that will convey bypass flows
to the Stage 1 Diversion System1 while the Stage 2 Diversion System is being constructed (URS,
2022).  The Stage 2 Diversion System (URS, 2022) from upstream to downstream includes:

 About 780 feet of 10-foot diameter extension pipe,
 Diversion Intake Structure,
 Upstream end of the low-level outlet tunnel (LLOT) - 160 feet of excavated 18-foot

horseshoe tunnel finished with a concrete encased 12-foot diameter steel followed by 115
feet of excavated 24-foot horseshoe tunnel finished with a 19-foot horseshoe reinforced
concrete liner tying into the Stage 1 Diversion System at Station 3+80, and

 The Stage 1 Diversion System downstream of Station 3+80.

The 10-foot diameter extension pipe will be installed to act as a passive spillway conveying water
from the cofferdam forebay to the Stage 2 Diversion System.  The temporary extension pipe will be
used to convey flows during the fall of the first embankment construction season (ADSRP Year 2),
the spring and fall of the second, third, and fourth embankment construction seasons (ADSRP Years
3, 4, and 5), and the spring of the fifth embankment construction season (ADSRP Year 6). The
temporary bypass pump system will be required again during fifth embankment construction (last
summer of cofferdam operation) as the 10-foot diameter extension pipe and diversion intake
structure are removed and the new sloping intake is connected to the LLOT.

The reservoir will be initially lowered to the invert (El. 4502)of the Stage 1 Diversion System by
May 1 or earlier of the first embankment construction season (ADSRP Year 2), depending on the
precipitation that season. The Contractor will then be responsible to construct the cofferdam and
design, install, maintain and operate a bypass pumping system with a specified capacity until
completion of the Stage 2 Diversion System.

2.2 DIVERSION CONCEPT
The configuration and operation for the cofferdam, bypass pumping system, and diversion
extension pipe are discussed below.  Design of the cofferdam is discussed in Section 4, with
supporting geotechnical data in Appendices A and B.

1The Stage 1 Diversion System is the low-level diversion system that is being constructed as part of the ADTP. The
Stage 1 Diversion System includes an upstream trash rack, 330-foot 8-foot diameter lake tap pipe, 1,050 feet of
finished 19-foot horseshoe tunnel lined with reinforced concrete, 336-feet of 13-foot diameter steel pipe lined
tunnel, 38 feet of 13-foot steel pipe that bifurcates into two 11-foot steel pipes that terminate in 11-foot fixed
cone valves in a Diversion Outlet Structure (URS, 2022).
2 All elevations in this TM reference the North American Vertical Datum of 1988 (NAVD88).
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1. A small forebay, in combination with a bypass pumping system, will be used to provide
protection for the upstream work area during the dry season of the first year of embankment
excavation (ADSRP Year 2), which will also be the year the cofferdam is constructed. The
forebay will operate between El. 460.0 and El. 467.0 (invert elevation of sheet pile notch; see
Section 4.5), which equates to an operating storage of approximately 400 acre-feet (AF) (see
Figure 4-1 for plan and Figure 4-2 for profile along cofferdam axis). The total storage behind the
cofferdam is about 500 AF.

2. A bypass pumping system consisting of two (15 cfs) diesel-powered trash pumps – one as
operating unit and one as a backup.  Both could be used if available, but both should not be
relied upon to be available.  A minimum set of performance requirements will be specified for
the pumping system.  If the minimum requirement was two pumps of equal size (one as a
backup), each with a capacity of 15 cfs (with cofferdam level at El 467 and the discharge point
at El 450), then DV350c (or similar) trash pumps rented from Rain-for-Rent (or other supplier)
would satisfy the requirements.  With between 15 cfs (single pump operating) and 30 cfs (both
pumps operating) pumping capacity and 400 AF of storage, there is a low risk of overtopping
the cofferdam between May and November (based on the data provided in Section 2.3).
Operation of the bypass pumping system would end when the Stage 2 diversion system is
completed, and reservoir inflows are passing into the 10-foot diversion extension pipe. A
memorandum describing the basis of selection of this pump is included as Appendix C.  The
memorandum in Appendix C covers a wider range of pumping capacities than indicated here.

The bypass pumping system will convey water from the pumps at the cofferdam forebay
through approximately 950 feet of 30-inch diameter pipe to a discharge point at the upstream
end of the Stage 1 Diversion System (Figure 4-1).  The pumps will discharge into a manifold
system that will connect to the 30-inch pipe. During the fifth year of embankment construction
(ADSRP Year 6) the pumps will lift the water to the upstream intake of the high-level outlet
works (HLOW) at El. 528.

3. At the start of winter (date to be determined based on weather forecasting3), the 10-foot gate at
the Diversion Intake Structure would be partially shut to allow inflows to fill the cofferdam
forebay and spill over the riprap lined cofferdam spillway while at the same time releasing a
minimum of 5 cfs into Coyote Creek through the Stage 2 Diversion System. Releases over the
cofferdam spillway would continue until the approximately 100 AF of storage between the
cofferdam and the interim-stage dams has filled and inflows begin to pass through the top of the
Diversion Intake Structure. With the water surfaces equalized, the 10-foot gate would be fully
closed and all winter flood flows would be released through the diversion system.  The length of
time required to equalize the water levels will depend on inflows into the reservoir area.

3 Since the purpose of the 10-foot extension pipe is to allow earthwork to extend into the fall shoulder season
(October 15 to December 31), the determination of when to shutoff flow through the 10-foot extension pipe
would be dependent on the occurrence of a storm large enough to produce reservoir inflows that exceed the
extension pipe’s 950 cfs flow capacity. The intent would be to shut off the 10-foot extension pipe for the winter
when weather forecasts predict a storm large enough to potentially produce such inflows is approaching the
project area.
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4. At the start of the subsequent construction season, when weather forecasting indicates that the
storm season is over and the potential for storms that could produce reservoir inflows greater
than 950 cfs is unlikely, the 10-foot gate at the Diversion Intake Structure would be opened to
allow inflows to pass through the 10-foot extension pipe into the Stage 2 Diversion System. The
water downstream of the cofferdam (100 AF) would be released through the Phase 2 Diversion
System via a 36-inch gated opening in the side of Diversion Intake Structure that would allow
water to be drawn down to El. 453.

5. The cofferdam must be maintained until all upstream construction is complete and until access
is no longer needed to stockpile areas in the reservoir area (SA-K, SA-L, SA-H, SA-C, and SA-D,
see URS 2021b), the Reservoir Disposal Area, and the Packwood Gravel Borrow Pit at the end of
the fifth embankment construction season (ADSRP Year 6).  In the event that an additional
embankment season is needed, flood flows could be routed through the HLOW intake structure
that will act as the diversion system during the sixth year of embankment construction (ADSRP
Year 7).

2.3 OVERTOPPING RISK
During construction, inflows to the reservoir behind the cofferdam will consist of releases from
Coyote Reservoir and inflows from the watershed between Coyote and Anderson dams.  The risk of
overtopping of the cofferdam during spring and fall shoulder seasons4 was estimated using the
following assumptions and data:

 Releases from Coyote Reservoir were assumed to be 5 cfs.
 Inflow from the watershed between the two dams was estimated from the gaged flow upstream

of Coyote Reservoir assuming equal flow per unit area.
 The flow was obtained from the USGS website for gage “USGS 11169800 COYOTE C NR GILROY

CA”.  Daily streamflow data were available from October 1, 1960 through September 29, 1982
and from October 1, 2004 to December 31, 2018.  Flow was daily average flow and annual
maximum instantaneous flow. 15-minute stream flow data were available from January 1, 2005
to December 31, 2018.

Flow data were analyzed for the months of April through December. The 15-minute data were used
to develop ratios between the peak 15-minute flow and the peak daily flow for several runoff
producing events in the record. One storm (December 23, 2012) with a ratio (4.1) in the mid to
upper range of the ratios was selected to synthesize hydrographs for all the runoff producing
events from April to December found in the daily flow record.

A hydraulic model was created using the U.S. Army Corps of Engineering Hydraulic Engineering
Center – River Analysis System (HEC-RAS) Version 5.0.5. The model was used to simulate the
routing of the synthetic rainfall events through Coyote and Anderson Reservoirs and through 6-
foot, 8-foot, and 10-foot diameter diversion extension pipe sizes. Events resulting in a peak daily
flow of less than 220-cfs at the Coyote Creek near Gilroy gage (USGS gage 11169800) would be

4 The spring shoulder season is defined as April 1 to May 15 and the fall shoulder season is defined as October 15
to December 31
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passable by a 6-foot diameter diversion extension pipe and were thus not considered in the
hydraulic modeling. For comparison, a 30 cfs bypass pump system can pass an event with daily
peak flow of about 110 cfs at USGS gage 11169800 given the storage assumptions for Coyote
Reservoir and the cofferdam forebay (see Appendix D for details of the storage assumptions).

For the streamflow events that were considered in the modeling, Table 2-1 lists the total number of
storms during the first and last halves of each month, the corresponding number of storms that are
bypassed for each pipe size, and the number of storms that would overtop the cofferdam sheet pile
(El. 467).

Table 2-1 Hydraulic Routing Results Summary for Storms Greater Than 220 cfs from April
Through December

Description
Apr
1-15

Apr
16-30

Oct
1-15

Oct
16-31

Nov
1-15

Nov
16-30

Dec
1-15

Dec
16-31

Total

Number of Storms 8 3 2 0 2 1 6 11 33

Bypass with 6’ Pipe 0 0 1 0 0 0 1 4 6

Bypass with 8’ Pipe 2 2 1 0 1 1 1 5 13

Bypass with 10’ Pipe 3 2 1 0 1 1 3 5 16

Cofferdam overtopped 5 1 1 0 1 0 3 6 17
Note: There were no storms greater than 220 cfs in the months of May, June, July, August, or September.

As shown in Table 2-1, it is estimated that 6-foot, 8-foot, and 10-foot diversion extension pipes
would bypass:

 April 1 to December 31 - 18%, 39%, and 48% of historic storms greater than 220 cfs,
respectively

 April 15 to December 15 - 14%, 43%, and 57% of historic storms greater than 220 cfs,
respectively

 April 15 to November 30 - 13%, 62%, and 62% of historic storms greater than 220 cfs,
respectively

The number of historic storms that would pass through the diversion extension pipes that would
not have been passed by the 30 cfs bypass pumping system was estimated by counting up the
number events recorded at USGS gage 11169800 that had peak daily flows greater than 110 cfs and
less than 220 cfs. The resulting number of storms was 14 with 8 occurring in April, 2 in November,
and 4 in December. Table 2-2 lists the storms greater than 110 cfs that would be bypassed or result
in overtopping to capture the estimated benefit of the diversion extension pipe over the 30 cfs
bypass pump system.



Santa Clara Valley Water District Cofferdam
Anderson Dam Seismic Retrofit Project Version: 01/14/2022

Cofferdam | Basis of Design
ADSRP DESIGN TEAM 7

Table 2-2 Hydraulic Routing Results Summary for Storms Greater Than 110 cfs from April
Through December

Description
Apr
1-15

Apr
16-30

Oct
1-15

Oct
16-31

Nov
1-15

Nov
16-30

Dec
1-15

Dec
16-31

Total

Number of Storms 15 4 2 0 2 3 7 14 47

Bypass with 6’ Pipe 7 1 1 0 0 2 2 7 20

Bypass with 8’ Pipe 9 3 1 0 1 3 2 8 27

Bypass with 10’ Pipe 10 3 1 0 1 3 4 8 30

Cofferdam overtopped 5 1 1 0 1 0 3 6 17
Note: There were no storms greater than 220 cfs in the months of May, June, July, August, or September.

As shown in Table 2-2, it is estimated that 6-foot, 8-foot, and 10-foot diversion extension pipes
would bypass:

 April 1 to December 31 - 43%, 57%, and 64% of historic storms greater than 110 cfs,
respectively

 April 16 to December 15 - 33%, 56%, and 67% of historic storms greater than 110 cfs,
respectively

 April 16 to November 30 - 36%, 73%, and 73% of historic storms greater than 110 cfs,
respectively

More detail on the analyses is included in Appendix D.

The modeling results demonstrate that a diversion extension pipe substantially reduces the
potential for overtopping of the cofferdam in April, November, and December and thereby
increases the number of days that would be available during the shoulder seasons for work in the
reservoir area. Based on available historic flow data, a 10-foot diversion extension pipe will bypass
30 of 47 events that would not be able to be bypassed using a 30 cfs pumping system. It is
recommended that moving forward into 90% design that a 10-foot diameter diversion extension
pipe be incorporated into the project to maximize the reduction of risk of cofferdam overtopping.
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3 CONTRACTOR OR OWNER DESIGN

3.1 COFFERDAM CLASSIFICATION
USACE EM 1110-2-2300 (USACE, 2004) defines a major cofferdam as that which upon failure would
cause major damage downstream and/or considerable damage to the permanent work. Minor
cofferdams are defined as those which upon failure would result in only minor flooding of the
construction work.

The direct cost of constructing the cofferdam and associated dewatering can be a significant portion
of the final project’s cost. In addition, the vulnerability of the work downstream of the cofferdam
and the impact of failure of the cofferdam on the construction schedule are significant. Therefore,
considering the schedule impact and associated direct and indirect costs of a failure of cofferdam
for the ADSRP, the cofferdam can be classified as a major structure.

3.2 OWNER DESIGN
Design of a cofferdam by the contractor is normally allowed only when the construction schedule
provides ample review and design time to ensure a competent and safe design or where no major
damage or significant delays to the project would occur from a failure of the cofferdam. EM 1110-2-
2300 and ER 1110-2-8152 (USACE, 1994) recommends that major cofferdams be planned,
designed, approved and constructed to the same level of engineering competency as for main dams,
which for the ADSRP would mean they are designed as part of the Contract Documents for the
project. Owner design also provides for uniformity in bidding, since the contract plans and
specifications would then include the major features of the cofferdam.

Design considerations will include minimum required top elevation, hydrologic records,
hydrographic and topographic information, subsurface exploration, seepage control, stability and
settlement analyses, maintenance of freeboard, and sources of construction materials. Placement
and compaction procedures as well as other pertinent construction aspects, including construction
and monitoring requirements, are to be covered in the contract plans and specifications.
Performance specifications for contractor-furnished dewatering and bypass systems will be
developed based on the project’s design criteria.
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4 COFFERDAM DESIGN

4.1 GEOTECHNICAL CONDITIONS

4.1.1 Field Exploration Program
The field exploration program for the cofferdam consisted of four borings (designated CD-1
through CD-4), drilled (from a barge mounted drill rig) along the proposed alignment of the
cofferdam shown in Figure 4-1. A fifth boring (CD-2a) was drilled adjacent to the location of boring
CD-2 to collect undisturbed samples of the lakebed sediments. The purpose of the borings was to:

1. Define the subsurface conditions beneath the alignment of the cofferdam, particularly the depth
of accumulated lake bottom sediments and the thickness of underlying alluvium/colluvium, and

2. Evaluate the geotechnical characteristics of the sediments and alluvium/colluvium and obtain
undisturbed samples for laboratory testing.

An idealized subsurface profile along the proposed alignment of the cofferdam is shown in Figure
4-2. This section indicates the locations of the four borings and the estimated subsurface profile.
The reservoir level at the time of drilling, and the proposed top of the cofferdam (El. 465.0) are also
shown on the profile for reference. The profile was constructed by interpolation between the
borings and comparison with the 2014 bathymetry. In general, subsurface conditions across the
floor of the reservoir consist of up to 38 feet of soft, plastic normally-consolidated lakebed
sediments overlying 3 to 5 feet of alluvium (Qal) or colluvium (Qc), which in turn overlies shale and
serpentinite (Franciscan Formation) bedrock. Soft soils taper towards both abutments as bedrock
topography rises out to the old river channel. In boring CD-4; however, 8 feet of colluvium was
recorded, likely in a localized area.  Comparing the 1988 and 2014 lakebed topographic/
bathymetric surveys indicates minimal sedimentation has occurred in the reservoir at the proposed
cofferdam location over the 26 years between the surveys.

Table 4-1 provides a summary of the conditions encountered at the borings. A description of the
drilling methods and logs of the holes are presented in the Geotechnical Data Report (GDR) (URS,
2021c). It is noteworthy that a 4-inch casing penetrated 28 feet and 24 feet into the soft lakebed
sediments in Borings CD-2 and CD-3, respectively, solely under the self-weight of the casing string.

Table 4-1. Boring Summary

BORING

MUDLINE
ELEVATION

(FT.)

TOTAL
DEPTH

(FT.)

TOTAL
SEDIMENT
THICKNESS

(FT.)

TOTAL
Qc/Qal

THICKNESS
(FT.)

TOTAL DEPTH
INTO ROCK

(FT.)

CD-1 458.2 51.0 5.0 Qal/Qc: 2.5 43.5

CD-2 451.9 65.0 35.5 Qal: 4.5 25.0

CD-3 451.3 65.0 34.5 Qal: 2.5 28.0

CD-4 476.3 50.0 9.0 Qc: 8.0 33.0
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Six approximately evenly spaced 2-foot-long thin-wall tube samples were obtained from the soft
sediments in Boring CD-2a. Samples were retrieved using a push-piston sampler, which has a piston
that is initially locked into place at the end of the thin wall tube to prevent sediment entering. After
the sampler was pushed to the sampling depth, hydraulic pressure in the drilling fluid in the rods
was increased to release a trigger that allows the thin wall tube to advance 2 feet. The sampler was
then retrieved, a new tube installed, and the piston reset. The sampler was then pushed to the next
sampling depth and the procedure repeated.

4.1.2 Laboratory Testing
Laboratory testing consisted of unconsolidated-undrained (UU) and isotropically consolidated
undrained (ICU) triaxial strength tests, consolidation tests, moisture content and index property
(Atterberg limits) measurements. The results of these tests are presented in the GDR (URS, 2021c).
The sediments extruded from the six thin-walled-tubes in the laboratory had an appearance similar
to that of a ″young″ San Francisco Bay Mud.

The sediments have an in-place wet density of about 101 pcf. The moisture content ranged from 42
to 68 percent. Atterberg limits were measured in each of the six samples. The measured ranges of
liquid and plastic limits were 52 to 65 and 27 to 32 respectively, giving a plasticity index range of
23 to 33. All of the Atterberg limits test results plot along the A-line with liquid limits greater than
50. The sediment therefore classifies as a CH, MH or CH-MH, silty clay/clayey silt of high plasticity.
The Atterberg limits test report summary is included in Appendix B.

The sediments short-term post-construction strength was characterized by an undrained shear
strength ratio of 0.23 that was estimated from the ICU strength tests and compared with the UU
strength tests. It is noteworthy that the UU sample for the top tube (No. 1 at 3-4 feet) was so soft
that it slumped under its own weight. The UU sample for the second tube (No. 2 at 7-8 feet) was
clearly disturbed during sampling and was also untestable.

The ICU and UU test results are shown graphically on Figure A-1 (Appendix A). Summary sheets of
the ICU and UU test results are included in Appendix B, with the complete test results presented in
the GDR (URS, 2019). The ICU samples were consolidated to stresses greater than the insitu
condition so that the measured strength is for a normally-consolidated condition, unaffected by
sample disturbance. The ratio of undrained shear strength (sᵤ) to isotropic consolidation stress (p′)
is about 0.34.

In selecting the appropriate field mobilized strength for use in the stability analyses, several
adjustments must be made to the laboratory strength value described above.

1. Anisotropic consolidation stresses: Consolidation under anisotropic conditions (instead of
the isotropic consolidation conditions used in the laboratory) can result in slightly lower
strengths, with reductions on the order of 5-10% (Degroot and Ladd, 2012).

2. Sensitivity and disturbance: Normally-consolidated clayey soils can have internal structure
originating from their depositional environment, the destruction of which can result in loss
of undrained strength during shearing.  The loss of strength due to remolding or to shearing
to a fully residual condition can be significant.  However, given that this structure will be
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built incrementally, with the displacement of the sediment occurring in a series of relatively
small bearing capacity failures along the advancing front of the fill, mobilized strengths will
vary between peak, remolded, and residual conditions in different areas at different times.

3. Rate of strain: Laboratory strength testing typically happens at greater strain rates than
field stability failures, with time to failure measured in hours in the laboratory compared to
days or weeks in the field.  The higher rate of strain can result in laboratory shear strength
values up to 10% greater than field values.  Note that the planned construction sequence for
this structure relies on frequent bearing capacity failures so time to failure here may be
closer to laboratory conditions than for a typical embankment on a soft foundation.

Considering the potential range of reductions, we selected a total reduction of about 33%, resulting
in a field mobilized undrained strength ratio of 0.23.  As discussed below, the use of this value
results in a worst-case design condition where the strength is not quite low enough to allow the fill
to fully penetrate through the existing reservoir sediment, resulting in a design section that leaves a
potential weak layer in place beneath the structure.

Table 4-2. Sediment Geotechnical Properties

Saturated unit weight (pcf) 100

Natural moisture content (percent) 42-68

Silt/clay content (percent) 60/40

Liquid limit (percent) 52-65

Plasticity index (percent) 23-33

Liquidity index 0.5-1.7

Overconsolidation ratio 1.0

Compression index Cc 0.6

Effective stress friction angle ICU 27°

Laboratory undrained shear strength ratio 0.34

Field mobilized undrained shear strength ratio 0.231

Notes:
1. For end-of-construction stability analysis the undrained strength is approximated as elevation-dependent, using the
buoyant unit weight and the selected undrained strength ratio.

4.2 COFFERDAM DESCRIPTION
The cofferdam will be located approximately 1,250 feet upstream of the replacement dam axis and
approximately 500 feet upstream of the replacement dam excavation as shown on Figure 4-1.
Construction of the cofferdam embankment across the lakebed would be accomplished
immediately following reservoir lowering by end-dumping materials excavated during the ADTP
that were stockpiled in the boat ramp parking lot (Stockpile Area B), displacing the soft lakebed
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sediment. Filling would be arranged to displace a large volume, if not most, of the soft lakebed
sediment within the cofferdam footprint. The objective of maximizing displacement of the sediment
is to provide for post-construction stability of the embankment and minimize settlement of the
cofferdam crest. The sheet pile cutoff would be driven into rock after completion of the fill
placement.

The displacement method of construction has been used since the early 20th Century for building
road and rail embankments, levees, and dikes on soft soils. A variety of design manuals (Pihlainen
1963, MacFarlane 1969, USACE 1977, USACE 1987, Holtz 1989) describe methods of construction
where earth embankment structures are advanced across soft ground (including young sediments
and peat) by deliberately overloading the leading edge of a fill in order to induce a bearing capacity
failure that displaces soil from beneath the fill. The most significant case histories are the
construction of the San Francisco Bayshore Freeway (Highway 101) over 60 feet of soft Young Bay
Mud in 1955 (Smith, 1955) and the construction of the Great Salt Lake Causeway over 120 feet of
soft clay in 1959 (Lambrechts and Kinner 1988). A more recent example of use of the displacement
method was placement of excess excavated materials in a disposal area over up to 15 feet of soft
lake sediment at a dam replacement project in the San Francisco Bay area.  While filling was
progressing in the disposal area, mud waves and scarps associated with bearing capacity failures
periodically appeared and were buried as filling operations progressed. Excerpts from some of the
references are included in Appendix E.

The main risk inherent to the displacement method is that the extent and uniformity of sediment
displacement are difficult to control. Incomplete or non-uniform displacement of the sediment can
result in irregular or excessive settlement of the crest.  However, in the absence of highly irregular
conditions and in view of the temporary nature of the structure, settlement of the crest could be
managed through periodic maintenance during construction.

Construction factors influencing the degree and uniformity of sediment displacement include the
shape of the advancing face of the fill, the rate of fill placement, and work stoppages and
interruptions. Displacement of the sediment may be enhanced by periodic dredging of mud waves
to the side and in front of the advancing fill, and by overbuilding the height of the fill.

Construction would be accomplished by end-dumping fill directly onto the sediment starting at the
left (southeast) end of the cofferdam alignment and continuously advancing the fill to the right end.
To achieve maximum penetration of the fill and relatively uniform displacement of the sediment,
the fill should be advanced using a wedge-shaped front as illustrated on Figure 4-1. This approach
is intended to cause the displaced sediments to heave laterally away from the fill advancing face
rather than build up in front of the advancing face. It may be necessary to periodically remove
excessive heave (mud waves) from in front of the advancing face using a dragline excavator or
other suitable equipment to avoid major entrapment of soft sediment within the cofferdam fill.
However, removal of mud waves might cause localized instability of the embankment. The
shoulders of the cofferdam embankment could also be overbuilt and then cut back to flatter slopes
to enhance post-construction stability.  Mud waves upstream of the advancing fill or beyond the
downstream limits of the fill may help with stability so those should not be removed if possible.
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Post construction borings should be drilled to assess the depth of sediment displacement achieved.
Records of backfill quantities placed would also be used to assess the approximate configuration of
the embankment below the surface.

The data used for the overtopping risk described in Section 2.3 also has application to construction
of the cofferdam. Based on a review of that data and assuming inflows into the reservoir need to be
less than 30 cfs to build the cofferdam, cofferdam construction could start April 15th in 23 of the 35
years. Cofferdam construction would be delayed until May 1st in 9 of the 35 years and until May 15th

in 3 of the 35 years.

Construction of the 10-foot bypass pipeline following cofferdam construction will require
excavating a small portion of the right abutment and right side of the cofferdam fill.  The alignment
and profile of the bypass pipe are based on 1949 pre-construction topography so that the pipe
foundation would be either colluvium or bedrock. The concrete encasement at the right end of the
cofferdam that would be founded on highly weathered Franciscan Formation will need to be tied
into the sheet piles to provide a continuous seepage barrier at the connection.

4.3 STABILITY AND SEISMIC DEFORMATION ANALYSES
Stability analyses were evaluated for two situations; the first being that of the cofferdam, and the
second being that of the sediment downstream of the cofferdam through which the dam excavation
will be made.

4.3.1 Displacement Cofferdam
Limit equilibrium slope stability analyses were performed to assess the factor of safety for the
displacement cofferdam. The analyzed cross section is shown in Figure 4-3. The section is
representative of the midpoint of the cofferdam alignment where the depth of lakebed sediment is
the greatest (38 feet).  Three scenarios were considered for the slope stability analyses: end of
construction, long term, and rapid flood loading. The dumped backfill was assigned a unit weight of
120 pcf and an effective friction angle of 30 degrees based on past project experience. Properties
from the Embankment Basis of Design TM were used for the alluvium and bedrock (URS, 2020d).
The alluvium was assigned a unit weight of 120 pcf and an effective friction angle of 35. The
bedrock was assigned a unit weight of 150 pcf and an effective friction angle of 38 degrees. The
strength of the sheet piles was ignored in the stability calculations. However, the effect of the sheet
pile to lower the phreatic surface is modeled. The cofferdam, being located approximately 500 feet
upstream of the excavation for the dam foundation, is judged to be far enough away that the dam
excavation will not lead to instability of the cofferdam.

The cofferdam could be used as an access route to the upstream right abutment, stockpile areas SA-
C, SA-H, SA-L, and the Packwood Gravel Borrow Pit. Therefore, traffic loadings are also modeled in
the slope stability analysis. The stability analysis uses a fully loaded Caterpillar 777 dump truck.

A similar displacement backfill project was performed to construct a 30-foot-wide fill section of the
San Francisco Bayshore Freeway (Highway 101) over 60 feet of soft Young Bay Mud in 1955
(Smith, 1955).  It was reported that construction of this fill section resulted in nearly 100 percent
displacement of the soft young bay mud.  As it was suggested that not all soft soil could be displaced
by end dumping, a 3-foot-thick layer of soft sediment was assumed to be left in place beneath the
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proposed excavation fill in the stability analysis.  For the stability analysis, the width of the top of
the constructed cofferdam was assumed to be 60 feet. The plans call for the crest to be built to a top
width of 80 feet (Figure 4-3).

For the end of construction analysis, the factor of safety will be near unity by definition as the
dumped fill will reach equilibrium. The result of the end of construction analysis is used to
determine if the assumed depth and size of the cofferdam are reasonable. The results of the stability
analyses are summarized in Table 4-3.  Figure 4-4 shows that the calculated factor of safety for the
end of construction condition is about 1.1, which is consistent with the method of construction
resulting in a marginally stable condition. Note that selecting a lower undrained strength for the
reservoir sediment would result in the fill fully penetrating the reservoir sediment (i.e., with an
end-of-construction factor of safety less than 1.0 unless all sediment has been removed from
beneath the fill).

Figure 4-5 shows that the factor of safety increases to about 1.5 or better as the materials
consolidate and gain strength, and Figure 4-6 shows that rapid flood loading assumptions result in
a factor of safety of about 1.3 for a short-term condition. Dissipation of excess pore pressures after
fill placement may take days or weeks depending on permeability and thickness of soft sediment
remaining in place beneath the fill.  Analysis of rapid drawdown conditions shows a factor of safety
of about 0.9 (see Figure 4-7) for an assumed instantaneous drawdown with no drainage allowed in
the fill, indicating that repairs to the slopes may be required after such an event.  There is no
mechanism by which the water upstream of the cofferdam could be drawn down quickly (aside
from a breach of the cofferdam when the temporary bypass pumping system is being used) so this
is a highly unlikely scenario for the upstream slopes.  The downstream slopes may experience
drawdown loading when the diversion extension pipe is opened and the area downstream of the
cofferdam is dewatered at the start of each construction season, so minor repairs to the
downstream slope may be required as part of preparations to begin embankment work each
season.

Simplified seismic deformation analyses were conducted using the 100-year construction
earthquake event (PGA = 0.36 g).  Pseudo-static stability results shown on Figure 4-8 show yield
coefficients ranging from 0.07 to 0.09.  Using the Bray and Maced (2019) method, movements
ranging from 0.6 to 1.6 feet were calculated.  Using the Makdisi and Seed (1978) method as
modified by FERC, movements ranging from 0.3 to 1.6 feet were calculated.  Based on these results,
the cofferdam is expected to experience moderate distress during a 100-year earthquake event.
Based on the geometry of the structure and the slip surfaces, the movements are likely to manifest
mostly as widening of the embankment with minor associated settlements.  Repairs would likely be
required following this earthquake event.
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Table 4-3. Summary of Stability Analyses for the Cofferdam
SCENARIO FACTOR OF SAFETY

End of Construction 1.07

Long Term 1.53

Rapid Flood 1.28

Rapid Drawdown 0.86

4.3.2 Dam Excavation Slope Through Sediment
During the removal of Anderson Dam, excavation/dredging into the lake sediment will be required
in order to provide enough working space to remove the potential liquefiable materials from the
upstream shell foundation. Due to the soft characteristics of the lake sediment, a relatively flat slope
will be required. Slope stability analyses were performed to determine the required slope to
achieve an adequate factor of safety of about 1.3 for the temporary condition. The material
properties of the lake sediment are presented in Table 4-2. The drained and undrained strengths
are used in the long term and end of construction analyses, respectively. Table 4-5 summarizes the
results of the stability analyses that accounts for different excavation slopes and different depths of
natural drainage/dewatering of the slope.  The analyses assuming no dewatering model the
phreatic surface at the excavated ground surface, essentially assuming that the excavation is kept
dry, but no drainage from the remaining sediment occurs.  The range of dewatering depths allow
for some natural drainage to occur as water in the sediment downstream of the cofferdam seeps
into the excavation and is pumped out. Based on these results, the excavation slope should be
flatter than 5H:1V, depending on the effectiveness of the dewatering.  Excavation of the dam
foundation below El. 465 feet is not anticipated to occur until late summer during second season of
embankment excavation (ADSRP Year 3).

Table 4-5. Summary of Stability Analyses for the Excavated Slope in Lake Sediment
SLOPE DRAINED STRENGTH ANALYSIS FS UNDRAINED STRENGTH ANALYSIS FS

No
Dewatering

3-ft
Dewatering

5-ft
Dewatering

No Dewatering

5H:1V 0.93 1.13 1.24 0.89

8H:1V 1.54 1.80 1.94 1.22

10H:1V 1.87 2.21 2.38 1.43

4.4 MATERIAL SOURCES
The end-dumped backfill will be materials excavated during ADTP from the Diversion Outlet Portal,
discharge channel, Coyote Creek modifications, Diversion Outlet Structure foundation, and tunnel
and shaft excavation. The excavated materials consist of alluvium, colluvium and highly to
completely weathered Franciscan Bedrock Formation and Santa Clara Formation. The maximum
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size aggregate will also be limited to approximately 3 to 4 inches to reduce segregation and to
produce a fill through which the sheet pile can be driven. Processing (by grizzly) may be needed to
produce this material gradation.

The ADTP excavations will produce approximately 200,000 cubic yards (cy) of materials, which is
about four times greater than the 45,000 cy estimated to be required to construct the cofferdam.
Excess excavation materials will be used to build an access road to the Reservoir Disposal Area.

4.5 SEEPAGE CONTROL/CUTOFF WALL
Seepage under and through the cofferdam will need to be controlled. Two methods of providing
seepage control are (1) placement of an impervious synthetic lining or a low permeability clay
blanket covering the upstream surface of the cofferdam embankment or (2) installation of a vertical
cutoff wall through the cofferdam fill.

The integrity and durability of an impervious or low permeability covering approach (1) will be
difficult to achieve and verify. A vertical steel sheet pile cutoff (method 2) is a safer and more
positive method of controlling seepage through the cofferdam fill and foundation and, on this basis,
is the recommended method for seepage control.

The sheet pile wall will be located 10 feet downstream of the upstream edge of the crest to provide
room on the crest for installation and removal of the sheet piles, and for access across the
cofferdam during construction. The tops of the sheets will generally be set at El. 468 (3 feet above
the crest of the cofferdam) to facilitate later removal and to provide additional freeboard. A 37-foot-
wide notch (invert El. 467) located in the central portion of the sheet pile will act as a spillway in
the event that inflows are sufficient to cause the water surface elevation in the forebay to exceed El.
467. The discharge capacity of the 37-foot wide, 1-foot-deep notch is estimated to be about 160 cfs5.
The discharge capacity 1 foot (El. 469) and 2 feet (El. 470) above the top of the sheets is estimated
to be about 1,560 cfs6 and 3,960 cfs, respectively.

Vibratory hammers will likely be satisfactory to drive the sheet piles. If the tip elevation of the
sheets is not achieved through the backfill, impact hammers may be used. Predrilling or jetting will
not be allowed because these activities may disturb the fill.

Where the 10-foot bypass pipeline crosses the cofferdam alignment it will be encased in reinforced
concrete, with the concrete extending to overlap with the sheet piles.

The sheet pile wall and cofferdam embankment materials, while effective at controlling seepage,
will not be impervious and some leakage will likely occur, especially during periods inflows are
being conveyed around the cofferdam through the bypass pumping system and reservoir level is
higher than during periods when inflows are being conveyed through the diversion extension pipe.

5 The discharge capacity of the sheet pile spillway is based on the sharp-crested weir equation, a discharge
coefficient of 3.0, and a weir length of 52.9. The weir length is based on the length along edge of 8 pairs of AZ36-
700 sheet pile that are specified to be used. The length of a pair of AZ36-700 piles has length along the sheet pile
edge of 77.29 inches compared to a width of 55.12 inches.
6 The weir length of the sheets with top El. 468 is 370 feet and is based on the length along edge of 56 pairs of
AZ36-700 sheet pile that are specified to be used.
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The contractor may use sump pumps on the downstream side of the cofferdam to pump seepage
back to the upstream side where it can drain through the bypass pipeline.

4.6 PROTECTION OF COFFERDAM AGAINST OVERTOPPING
In order to allow overtopping during the precipitation season without causing excessive erosion or
washout of the cofferdam, the water level on the downstream side of the cofferdam will be
equalized with the water level on the upstream side of the cofferdam at the end of the dry season by
closing the 10-foot stop gate to shut off the diversion extension pipe and allowing water to pass
over the sheet pile spillway from the upstream side of the cofferdam to the downstream side until
the water level on both sides of the sheet pile is at El 467 feet at which point reservoir inflows
would pass over the diversion intake structure crest into the Stage 2 Diversion System.  The sheet
pile spillway and riprap lined channel across the cofferdam crest is also intended to protect the
cofferdam from erosion if overtopping were to occur when the area downstream of the cofferdam is
dry.

4.7 MAINTENANCE DURING CONSTRUCTION
As described above, there is potential for minor ongoing settlement or raveling of the cofferdam
slopes during construction operations.  The contractor can place additional disposal fill or haul road
surfacing material to maintain the elevation profile of the haul road, and additional disposal fill at
the edges of the crest to maintain the width as needed.  The 80-foot crest width allows space for
minor slumps or raveling at the edges to occur without impacting the structure’s use as haul road.

Repairs or resurfacing are also likely to be required at the start of each construction season after
the reservoir is lowered and the area downstream of the cofferdam is dewatered.

4.8 END OF CONSTRUCTION
The current dead pool elevation of El. 488 will be maintained with the new sloping intake structure.
As the new outlet works has no provision for making releases below El. 488, there is no reason to
remove the cofferdam. Removal of the sheet pile cutoff for its salvage value can be a contractor
option.  Confirmation with the SCVWD’s Operations Unit will be needed to obtain their input on
sheet pile and cofferdam removal.
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5 LIMITATIONS
URS represents that our services were conducted in a manner consistent with the standard of care
ordinarily applied as the state of practice in the profession within the limits prescribed by our
client. No other warranties, either expressed or implied, are included or intended in this Technical
Memorandum.



Santa Clara Valley Water District Cofferdam
Anderson Dam Seismic Retrofit Project Version: 01/14/2022

Cofferdam | Limitations
ADSRP DESIGN TEAM 22

This page intentionally left blank.



Santa Clara Valley Water District Cofferdam
Anderson Dam Seismic Retrofit Project Version: 01/14/2022

Cofferdam | References
ADSRP DESIGN TEAM 23

6 REFERENCES
Bray, J.D. and Macedo, J. (2019) “Procedure for Estimating Shear-Induced Seismic Slope

Displacement for Shallow Crustal Earthquakes,” J. of Geotechnical and Geoenvironmental
Engineering, ASCE, V. 145(12).Holtz, R.D., 1989, Treatment of Problem Foundations for
Highway Embankments, NCHRP Synthesis of Highway Practice #147.

Lambrechts, J.R. and Kinner, E.B., 1988, The Great Salt Lake Causeway – A Calculated Risk Revisited,
Proceedings: Second International Conference on Case Histories in Geotechnical
Engineering, St. Louis, June.

MacFarlane, I.C., 1959, Muskeg Engineering Handbook, NRC Associate Committee on Geotechnical
Research, University of Toronto Press.

Makdisi F. and Seed H (1978) Simplified procedure for estimating dam and embankment
earthquake-induced deformations. Journal of Geotechnical Engineering 104(7): 849–867.

Smith, Vincent O., 1955, “Open Water Fill”, California Highways and Public Works, Official Journal of
the Division of Highways, Department of Public Works, State of California, Volume 34,
November-December, Nos. 11-12, pp 8 -11.

Pihlainen, J.A., 1963, A Review of Muskeg and its Associated Engineering Problems, US Army Cold
Regions Research & Engineering Laboratory, Technical Report 97, December.

URS, 2014, Cofferdam Technical Memorandum, Version #0, December 15.

URS, 2015, Cofferdam Technical Memorandum, Version #1, February 4.

URS, 2018, Cofferdam Technical Memorandum, Version #2, May 16.

URS, 2021a, Cofferdam Technical Memorandum, Version #3, April 19.

URS, 2021b, Material Development and Handling Technical Memorandum, Version #5, May 25.

URS, 2021c, Geotechnical Data Report – Phases 1 through 7, Version #1, May 17.

URS, 2021d, Embankment Basis of Design Technical Memorandum, Version #1, May 18.

URS, 2022, Diversion Basis of Design Technical Memorandum, Version 3, in preparation.

USACE (U.S. Army Corps of Engineers), 1977, Design and Construction of Retaining Dikes for
Containment of Dredged Material, TR D-77-9, August.

USACE (U.S. Army Corps of Engineers), 1987, Confined Disposal of Dredged Material, EM 1110-2-
5027, September 1987.

USACE (U.S. Army Corps of Engineers), 1994, Planning and Design of Temporary Cofferdams and
Braced Excavations. ER1110-2-8152, August 31.

USACE, 2004, General Design and Construction Considerations for Earth and Rock-Fill Dams. EM
1110-2-2300, July 30.



Santa Clara Valley Water District Cofferdam
Anderson Dam Seismic Retrofit Project Version: 01/14/2022

Cofferdam | References
ADSRP DESIGN TEAM 24

This page intentionally left blank.



Santa Clara Valley Water District Cofferdam
Anderson Dam Seismic Retrofit Project Version: 01/14/2022

Cofferdam | Figures
ADSRP DESIGN TEAM

Figures



Santa Clara Valley Water District Cofferdam
Anderson Dam Seismic Retrofit Project Version: 01/14/2022

Cofferdam |
ADSRP DESIGN TEAM

This page intentionally left blank.



AutoCAD SHX Text
SCALE 1"= 50'

AutoCAD SHX Text
100'

AutoCAD SHX Text
50'

AutoCAD SHX Text
0

AutoCAD SHX Text
50'

AutoCAD SHX Text
SCALE: 1"=50'

AutoCAD SHX Text
PLAN

AutoCAD SHX Text
NOTES: : 1. PLACE DISPOSAL SITE FILL STARTING AT MIDDLE STRIP, GENERALLY PLACE DISPOSAL SITE FILL STARTING AT MIDDLE STRIP, GENERALLY MAINTAINING MIDDLE 40-FOOT STRIP 20-FEET AHEAD OF DOWNSTREAM STRIP AND UPSTREAM STRIP. 2. EXCAVATE MUDWAVE AND PLACE UPSTREAM OF COFFERDAM IF EXCAVATE MUDWAVE AND PLACE UPSTREAM OF COFFERDAM IF MUDWAVE INTERFERES WITH PLACEMENT OF DISPOSAL SITE FILL.

AutoCAD SHX Text
SHEETPILE

AutoCAD SHX Text
4-3

AutoCAD SHX Text
FIG

AutoCAD SHX Text
4-3

AutoCAD SHX Text
FIG

AutoCAD SHX Text
4-2

AutoCAD SHX Text
FIG

AutoCAD SHX Text
4-2

AutoCAD SHX Text
FIG

AutoCAD SHX Text
PLACEMENT FRONT (SEE NOTES 1 & 2)

AutoCAD SHX Text
(N)   10'  PIPELINE

AutoCAD SHX Text
(N) 10'  PIPELINE WITHCONCRETE ENCASEMENT

AutoCAD SHX Text
(E) 8' LAKE TAP PIPE

AutoCAD SHX Text
Figure

AutoCAD SHX Text
COFFERDAM & BYPASS PUMPING SYSTEM

AutoCAD SHX Text
PLAN

AutoCAD SHX Text
Project No. 26818793

AutoCAD SHX Text
4-1

AutoCAD SHX Text
Anderson Dam

AutoCAD SHX Text
Seismic Retrofit Project

AutoCAD SHX Text
 COFFERDAM AXIS

AutoCAD SHX Text
DIVERSION INTAKE STRUCTURE

AutoCAD SHX Text
(N) 30" DIA. BYPASS PIPELINE

AutoCAD SHX Text
DEMOLISH (E) PHASE 1 DIVERSION SYSTEM TRASH RACK. TAP 30" PIPELINE INTO TOP OF  (E) 8' LAKE TAP PIPE. INSTALL 8' BLIND FLANGE TO CLOSE 8' LAKE TAP PIPE. PROTECT IN PLACE (E) STEEL CASING

AutoCAD SHX Text
BYPASS PUMPS INPUT LINE

AutoCAD SHX Text
(N) BYPASS PUMPS

AutoCAD SHX Text
CD-1

AutoCAD SHX Text
CD-3

AutoCAD SHX Text
CD-4

AutoCAD SHX Text
CD-2 & 2a



CD-1

CD-2

& 2a

CD-3
CD-4

AutoCAD SHX Text
2014 BATHYMETRY SURFACE

AutoCAD SHX Text
E L E V A T I O N   I N   F E E T

AutoCAD SHX Text
480

AutoCAD SHX Text
440

AutoCAD SHX Text
400

AutoCAD SHX Text
500

AutoCAD SHX Text
460

AutoCAD SHX Text
420

AutoCAD SHX Text
380

AutoCAD SHX Text
520

AutoCAD SHX Text
540

AutoCAD SHX Text
560

AutoCAD SHX Text
580

AutoCAD SHX Text
600

AutoCAD SHX Text
RESERVOIR LEVEL AT DRILLING EL. 580.8

AutoCAD SHX Text
FOREBAY SURCHARGE STORAGE

AutoCAD SHX Text
456

AutoCAD SHX Text
461

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
LAKEBED SEDIMENT OR SOFT SOIL

AutoCAD SHX Text
Qal/Qc

AutoCAD SHX Text
LEGEND    

AutoCAD SHX Text
COFFERDAM CREST EL 465

AutoCAD SHX Text
LOOKING DOWNSTREAM    

AutoCAD SHX Text
FIG 4-3

AutoCAD SHX Text
TOP OF SHEETPILE CUTOFF EL 468

AutoCAD SHX Text
DEAD POOL EL 487.8

AutoCAD SHX Text
Franciscan Formation

AutoCAD SHX Text
Franciscan Formation

AutoCAD SHX Text
10' DIA. STEEL PIPE WITH CONCRETE ENCASEMENT

AutoCAD SHX Text
RIPRAP

AutoCAD SHX Text
NOT TO SCALE

AutoCAD SHX Text
SPILLWAY EL 467

AutoCAD SHX Text
Figure

AutoCAD SHX Text
COFFERDAM

AutoCAD SHX Text
SECTION ALONG COFFERDAM AXIS

AutoCAD SHX Text
Project No. 26818793

AutoCAD SHX Text
4-2

AutoCAD SHX Text
Anderson Dam

AutoCAD SHX Text
Seismic Retrofit Project



AutoCAD SHX Text
E L E V A T I O N   I N   F E E T

AutoCAD SHX Text
480

AutoCAD SHX Text
440

AutoCAD SHX Text
400

AutoCAD SHX Text
500

AutoCAD SHX Text
460

AutoCAD SHX Text
420

AutoCAD SHX Text
380

AutoCAD SHX Text
NOT TO SCALE

AutoCAD SHX Text
COFFERDAM CONCEPT

AutoCAD SHX Text
EL. 465

AutoCAD SHX Text
MUD WAVE (Shape & Extent Approximate)

AutoCAD SHX Text
3-5' ALLUVIUM

AutoCAD SHX Text
(Thickness Varies)

AutoCAD SHX Text
SURCHARGE LEVEL EL. 461

AutoCAD SHX Text
BEDROCK

AutoCAD SHX Text
OPERATING LEVEL EL. 456

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
LAKEBED SEDIMENT 35'± (Surface Elevation & Layer Thickness Vary)

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
LAKEBED SEDIMENT DISPLACED 

AutoCAD SHX Text
COFFERDAM FILL

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
?

AutoCAD SHX Text
SHEET PILE WALL (Seated Into Bedrock)

AutoCAD SHX Text
AXIS

AutoCAD SHX Text
Figure

AutoCAD SHX Text
COFFERDAM

AutoCAD SHX Text
TRANSVERSE SECTION

AutoCAD SHX Text
Project No. 26818793

AutoCAD SHX Text
4-3

AutoCAD SHX Text
Anderson Dam

AutoCAD SHX Text
Seismic Retrofit Project



Project No.
26818793

ANDERSON DAM
SEISMIC RETROFIT PROJECT

Figure
End of construction stability
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Figure
Long-term stability
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Figure
Rapid loading stability
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Figure
Rapid drawdown stability
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Figure
Pseudo-static stability
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Figure

A-1
Anderson Dam

Seismic Retrofit Project

Project No. 26818791
ICU Triaxial Test Results and

Undrained Shear Strength Ratio

A:\09000_Task Groups\09300_Basis of Design\03A014_Embankment Stability Tech Memo\Material Characterization\Fig A-1 TX_UU.grf

Newman, Erik
Stamp



 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 



Santa Clara Valley Water District Cofferdam 
Anderson Dam Seismic Retrofit Project Version: 01/14/2022 
 

Cofferdam | Appendix B
ADSRP DESIGN TEAM  
 

Appendix B:  
Laboratory Test Data 



Santa Clara Valley Water District Cofferdam 
Anderson Dam Seismic Retrofit Project Version: 01/14/2022 
 

Cofferdam | Appendix B
ADSRP DESIGN TEAM  
 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 



CD-2A S-1 3.0-5.0 448.1 CH 0.0 0.7 99.3 44.4 62 30 32 2.75

CD-2A S-2 8.0-9.0 443.1 CH 65 32 33

CD-2A S-3 11.0-13.0 440.1 MH 0.0 0.4 99.6 34.9 52 29 23 2.77 CONS,
TX-CU/TX-UU

CD-2A S-4 18.0-20.0 433.1 CH 55 27 28 CONS,
TX-CU/TX-UU

CD-2A S-5 23.0-25.0 428.1 CH 58 28 30 TX-UU

CD-2A S-6 30.0-32.0 421.1 MH 0.0 4.7 95.3 38.2 55 30 25 2.74 TX-CU/TX-UU

CD-5 S03-2 5.5-6.0 467.8 SM 14.4 112.1 33.8 40.9 25.3 52 40 12

CD-5 S04-1 10.0-10.5 463.3 SC/Fm 18.4

CD-6 S01 0-2.0 469.4 CH 56.5 64.0 64 29 35

CD-6 S03-2 5.5-6.0 464.8 SM 13.2 9.9 48.9 41.2 49 46 3

CD-7 S01 0-3.5 535.5 SC SA

CD-7 S02-2 5.0-5.5 532.5 CL 8.5 116.0 24 16 8

CD-7 S03-2 10.0-10.5 527.5 SC 6.0 28.0 43.9 28.1

CD-7 S06 24.5-26.0 512.5 CL 11.4 119.0 30 19 11

CD-8 S03-2 10.0-10.5 534.5 GC 4.7 29.6 23.0 47.4

LS-11 S02 2.0-2.5 591.9 SM 5.4 72.3 22.3 9.4 NP NP NP

LS-11 S04 5.5-6.5 588.4 CL 2.4 6.6 91.0 45 25 20

LS-13 S02 3.0-5.0 535.1 CH 55 19 36

LS-13 S04 8.0-10.0 530.1 CH 69 29 40

LS-14 S02 3.0-5.0 527.2 CL 42 21 21

LS-14 S06 12.5-14.5 517.9 ML 0.0 43.0 57.0 29 23 6

LS-14 S09-2/3 19.5-20.5 511.4 ML 35 25 10

LS-15 S02 0.5-2.5 513.8 CH 0.0 1.5 98.5 59 28 31

LS-15 S06-2,3 10.5-11.5 504.5 SM 1.2 69.4 29.4 9.5 NP NP NP

LS-15 S07-2 13.5-14.0 501.5 SC 29.9 48.8 21.3

LS-15 S08 17.0-18.5 497.5 CH 63 26 37

LS-16 S04 6.0-8.0 492.3 ML 0.0 13.5 86.5 16.9 40 26 14

LS-16 S06-1/2 11.5-12.5 487.5 SM 0.0 69.2 30.8 9.9

LS-17 S06 9.5-11.5 469.9 CH 0.0 0.1 99.9 78 27 51

LS-18 S02 1.0-2.0 565.1 SM 28.0 56.8 15.2 5.1

LS-18 S05 5.0-6.5 560.6 CL 46 23 23

LS-20 S08 15.5-17.5 437.6 CH 0.0 0.5 99.5 51 22 29

LS-20 S11 23.0-25.0 430.1 CH 0.0 0.1 99.9 68 29 39
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LS-22 S02 0-2.0 462.6 CH 80 30 50

LS-22 S03 2.5-4.0 460.6 SM 0.0 80.5 19.5

LS-23 S03 2.0-4.0 470.6 CL 33 22 11

LS-23 S08-2/3 12.5-13.5 460.8 SM 2.8 63.3 33.9 11.9 NP NP NP

LS-24 S02 0-2.0 480.6 CH 55 26 29

LS-25 S02 0.5-2.0 493.3 CH 0.0 0.5 99.5 50.1 69 28 41

LS-26 S02 0.5-2.0 502.8 CL 38 24 14

LS-27 S01 0-0.5 518.7 CH 50 26 24

Sample
Number

In Situ
Water

Content,
%

In Situ
Dry Unit
Weight,

pcf

Sample Information

Elevation,
feet

NAVD88

Gravel,
%
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<2µ,
%
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SUMMARY  OF  SOIL  LABORATORY  DATA

Other
Tests
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Atterberg Limits

TABLE FOR CD AND LS BORINGS

USCS
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%

SCVWD Anderson Dam Seismic Retrofit
Morgan Hill, California Sheet 2 of 2R
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NOTE:    The laboratory tests were performed in general accordance with the following standards:

                 Water Content - ASTM Test Method D2216
                 Dry Unit Weight - ASTM Test Method D2937
                 Particle Size Distribution Analysis by Mechanical Sieving - ASTM Test Method D422 and D6913
                 Percent Passing No. 200 Sieve - ASTM Test Method D1140
                 Atterberg Limits - ASTM Test Method D4318
                 Specific Gravity of Soil - ASTM Test Method D854
                 Corrosivity Tests (CORR) - pH and Minimum Resistivity by Cal 643; Sulfate by Cal 417, Chloride by Cal 422
                 Crumb Test For Dispersive Soils (Crumb) - ASTM Test Method D6572
                 Hydraulic Conductivity (HC) - ASTM Test Method D5084
                 Pinhole Test For Dispersive Soils (PIN) - ASTM Test Method D4647
                 Slake Durability (Slake) - ASTM Test Method D4644
                 Consolidated Undrained Triaxial Compression Test (TX-CU) - ASTM Test Method D2850
                 Unconsolidated Undrained Triaxial Compression Test (TX-UU) - ASTM Test Method D4767
                 Unconfined Compressive Strengh of Soil (UCS) - ASTM Test Method D2166



Triaxial Consolidated Undrained with Pore Pressure
ASTM D4767

Sample: 1 2 3 4

MC, % 42.1 68.0 57.2 46.4

DD, pcf 77.3 59.6 64.3 68.9

Sat. % 95.2 99.1 94.5 85.7

Void Ratio 1.211 1.901 1.658 1.482

Diameter in 2.87 2.86 2.86 2.86

Height, in 5.86 6.00 6.00 6.00

MC, % 36.7 46.3 37.4 32.1

DD, pcf 85.2 75.7 84.4 91.0

Sat. % 100.0 100.0 100.0 100.0

Void Ratio 1.006 1.282 1.025 0.880

Diameter, in 2.75 2.60 2.58 2.61

Height, in 5.81 5.72 5.60 5.45

Cell, psi 66.6 77.6 94.6 129.4

BP, psi 59.8 59.9 65.5 60.4

Job No.: 033-178 Date: 11/4/2014 Strain, % 5.0 5.0 5.0 5.0

Client: BY:DC Deviator ksf 1.058 1.726 3.235 5.935

Project: Excess PP 0.679 1.681 2.434 6.697

Sample 1) CD2-A;6 @ 30-32(Tip-7.5") Sigma 1 1.369 2.602 4.991 9.182

Sample 2) CD-2A;3 @ 11-13(Tip-7") Sigma 3 0.312 0.876 1.755 3.246

Sample 3) CD2-A;4 @ 18-20(Tip-4") P, ksf 0.840 1.739 3.373 6.214

Sample 4) CD2-A;6 @ 30-32(Tip-2") Q, ksf 0.529 0.863 1.618 2.968

Stress Ratio 4.394 2.971 2.843 2.828

Rate in/min 0.0005 0.0005 0.0000 0.0005

Total C 0.2 ksf
Total phi 12.8 degrees

Eff. C 0.2 ksf
Eff. Phi 26.8 degrees ©

Gray Elastic SILT
Gray Fat CLAY

Final

Effective Stresses At:

26818791
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Gray Elastic SILT
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Cooper Testing Labs, Inc.
937 Commercial Street

Palo Alto, CA 94303

1 2 3 4
Moisture % 81.3 59.4 55.4 43.0
Dry Den,pcf 48.7 60.9 64.4 71.7
Void Ratio 2.551 1.767 1.617 1.387
Saturation % 88.3 90.8 92.5 84.9
Height in 5.80 5.85 5.87 5.84
Diameter in 2.87 2.87 2.87 2.87
Cell psi 2.8 3.8 5.4 6.9
Strain % 15.00 15.00 9.30 15.00
Deviator, ksf 0.290 0.370 0.627 0.541
Rate %/min 1.00 1.00 1.00 1.00
in/min 0.058 0.059 0.059 0.058
Job No.:
Client:
Project:
Boring: CD-2A CD-2A CD-2A CD-2A
Sample: 3 4 5 6
Depth ft: 11-13(Tip-14") 18-20 23-25(Tip-2") 30-32(Tip-16.5")

Sample #
1
2
3
4

Dark Greenish Gray Fat CLAY
Gray Elastic SILT

Note: Strengths are picked at the peak deviator stress or 15% strain 
which ever occurs first per ASTM D2850.

Remarks:

Sample Data

Visual Soil Description

Greenish Gray Elastic SILT
Gray Fat CLAY 

033-178
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26818791
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Unconsolidated-Undrained Triaxial Test 
ASTM D2850 



Job No.: Boring: Run By: MD
Client: Sample: Reduced: PJ
Project: Depth, ft.: Checked: PJ/DC
Soil Type: Date: 10/23/2014

Assumed Gs 2.7 Initial Final
57.1 39.4
64.7 81.6
1.606 1.065
96.0 100.0

Greenish Gray Fat CLAY

 Moisture %:
Dry Density, pcf:

Void Ratio:
% Saturation:

033-178 CD-2A
URS 4
26818791 18-20(Tip-2.5")
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Consolidation Test 
ASTM D2435 

Remarks:  



Job No.: Boring: Run By: MD
Client: Sample: Reduced: PJ
Project: Depth, ft.: Checked: PJ/DC
Soil Type: Date: 10/23/2014

Measured Gs 2.77 Initial Final
61.2 40.0
61.9 82.0
1.792 1.109
94.5 100.0

Void Ratio:
% Saturation:

Dry Density, pcf:
 Moisture %:

CD-2A
3

11-13(Tip-5")26818791
URS
033-178

Greenish Gray Elastic SILT
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Consolidation Test 
ASTM D2435 

Remarks:  



Project:

Remarks:Client:Project No.

%<#200%<#40PIPLLLMATERIAL DESCRIPTION

LIQUID AND PLASTIC LIMITS TEST REPORT

Source: CD-2A Sample No.: 1 Elev./Depth: 3-5(Tip-3")

Figure

LIQUID AND PLASTIC LIMITS TEST REPORT

COOPER TESTING LABORATORY

USCS

URS033-178

CH99.399.9323062Dark Greenish Gray Fat CLAY w/ organics

Anderson Dam Seismic Retrofit Project - 26818791

Source: CD-2A Sample No.: 2 Elev./Depth: 8-9'

333265Greenish Gray Fat CLAY

Source: CD-2A Sample No.: 3 Elev./Depth: 11-13'

MH99.699.9232952Greenish Gray Elastic SILT

Source: CD-2A Sample No.: 4 Elev./Depth: 18-20'

282755Greenish Gray Fat CLAY

Source: CD-2A Sample No.: 5 Elev./Depth: 23-25(Tip-2")

302858Dark Greenish Gray Fat CLAY
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Project:

Remarks:Client:Project No.

%<#200%<#40PIPLLLMATERIAL DESCRIPTION

LIQUID AND PLASTIC LIMITS TEST REPORT

Source: CD-2A Sample No.: 6 Elev./Depth: 30-32'

Figure

LIQUID AND PLASTIC LIMITS TEST REPORT

COOPER TESTING LABORATORY

USCS

URS033-178

MH95.399.7253055Gray Elastic SILT

Anderson Dam Seismic Retrofit Project - 26818791
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AECOM 

300 Lakeside Drive, Suite 400 

Oakland, CA 94612 

www.aecom.com 

510-893-3600 tel 

510-874-3268 fax 

 
To:  Project Files Pages: 8 
Through:  John Roadifer, PE 
Subject: Cofferdam Bypass Pumping 
Project Anderson Dam Seismic Retrofit Project 
From: Idit Zarci, PE 
Date: November 1, 2021 
 
This memorandum summarizes the initial analysis of the Anderson Dam Seismic Retrofit Project 
cofferdam pumping requirements.   

1.0 Background 
The Anderson Dam seismic retrofit requires a temporary cofferdam and pumping during the first and 
fifth embankment construction seasons (ADSRP Year 2 and 6).  The cofferdam base, crest, and top of 
sheet pile elevations are approximately 455 ft, 465 ft, and 467 ft, respectively.  The maximum spring 
shoulder season capture rate is assumed to be 30 cfs or 13,465 gpm.  The maximum summer capture 
rate is approximately 5 cfs or 2,244 gpm.  The discharge location during the first embankment season is 
the Stage 1 Diversion System Intake Structure approximately 950 ft downstream with an invert elevation 
of approximately 450 ft.  The discharge location during the fifth embankment season is the High-Level 
Outlet Works (HLOW) Intake Structure approximately 1,200 ft downstream with an invert elevation of 
528 ft. The maximum static head requirement for a pump would be 73 ft when pumping to the HLOW.  

2.0 Discussion 

2.1 Pump Models 
The 30 cfs pumping system will be required for two spring shoulder seasons and summers.  Because of 
the temporary nature, the pumps would be rented from a rental venue like Rain for Rent, Sunbelt 
Rentals, or United Rentals.  For this discussion, Rain for Rent pumps will be used.  From Rain for Rent’s 
2016 Product Handbook, there are forty-nine (49) pump models (centrifugal, axial, and submersible) 
that could apply as shown in Appendix A Table 1.  All the pumps can throttle and are either diesel driven 
directly or indirectly through diesel gensets.  Of the available pumps, thirty-four (34) can be eliminated 
because of the number of pumps required to convey 30 cfs.  Too many (more than four) would be 
logistically challenging and require more laydown area than is available.  One pump provides inadequate 
coverage and redundancy and requires higher net positive suction head (NPSHr) than is available.  Thus, 
two to four pumps are assumed to be optimal.  Furthermore, submersible pumps and non-self-
contained pumps requiring additional fuel tanks and gensets are eliminated due to additional 
complication to deploy compared to self-contained pumps.  Data for the most applicable pump from the 
Rent for Rent applicable catalog is shown in Table 1.   
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Table 1: Rain for Rent applicable pumps. 

n Model 
Q, 

max 
(gpm) 

H, 
max 
(ft) 

H, 
q_des 

(ft) 

Dia (in) Fuel 
Photo 

Suction Discharge Storage (gal) 
Economy 

(gph) 

1 DV325c 8,500 220 110 14 12 340 12.5 

 
 

2.2 Suction and Discharge Pipeline Diameters 
Per Hydraulic Institute Standards, a pumped system design should consider suction velocities between 
3.0 to 5.0 ft per second and discharge velocities between 4.0 to 8.0 ft per second.  From Appendix A 
Table 2, the minimum suction and discharge pumping diameters are 24” and 30”, respectively.   

2.3 Pump Placement  
Pump placement is critical for pump performance.  Two criteria affected by placement are net positive 
suction head available (NPSHa)/net positive suction head required (NPSHr) and total dynamic head 
(TDH).   

2.3.1 NPSHA AND NPSHR 
The pump NPSHr represents the minimum suction head required for the pump to operate without 
cavitation and is typically determined by the pump manufacturer with empirical testing.  TDH represents 
the total height that a fluid is to be pumped including friction losses of the system.   
 
There are two potential locations for pump placement: on or near the cofferdam crest or downstream 
of the cofferdam. Figure 1 illustrates the pumps located on or near the cofferdam crest at elevation 465 
ft and the pump centerline 2 ft above the cofferdam crest at elevation 467 ft.  Figure 2 illustrates the 
pumps downstream of the cofferdam with the pump centerline at elevation 457 ft. 
 
For the pumps located on or near the cofferdam crest, the NPSHa is approximately 16.3 ft (see NPSHa 
calculation table in Appendix 1).  For the pumps located at the downstream location, the NPSHa is 
approximately 25.3 ft.   
 
For the DV325c model, the NPSHr is 22 ft (Error! Reference source not found.).  Therefore, locating the 
DV325c model at the cofferdam crest is not feasible as the NPSHr (22 ft) is greater than the NPSHa (16.3 
ft).  As such, the maximum water elevation that can be drawdown based on NPSHr/NPSHa is 
approximately 453.7 ft or [457 ft - (25.3 ft-22 ft)], which means the entire cofferdam can be drawn 
down.   
 
Based on the NPSHa and NPSHr, placement of the pumps at the crest of the cofferdam is not feasible.  
The pumps would need to be located at the downstream location with a centerline elevation of 
approximately 457 ft.   
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2.3.2 TOTAL DYNAMIC HEAD (TDH) 
Stage 1 Diversion 
The cofferdam water elevation will range from 455 ft to 465 ft and the downstream Stage 1 diversion 
intake is located at elevation 450 ft.  Therefore, gravity flow from the cofferdam to the Stage 1 diversion 
intake is feasible. However, because the bypass piping would be routed over the sheet pile wall of the 
cofferdam, a localized high point is created at the top of the sheet pile wall and as such, gravity flow 
cannot occur unless the bypass piping is primed to create a siphon.   
 
A vacuum pump can be installed, instead of the DV325c model, which would be operated to remove the 
air from the suction piping creating a vacuum and allowing the water to flow over the top of the sheet 
pile.  Once the pipeline has been primed, flow can occur by gravity and would be self-sustaining 
provided the pipeline remains primed.   
 
HLOW Intake Diversion 
Pumping to the HLOW intake represent the maximum total dynamic head requirements of 79.8 ft (El. 
528 – El. 450 + 1.8 ft of frictional losses).   

3.0 Recommendations  
The cofferdam bypass pumping will be designed, furnished, and installed by the Contractor.  However, 
from this initial analysis, the following is recommended based on the Rain for Rent Product Handbook:   
 

1. Install two vacuum pumps located at the cofferdam crest for diversions to the Stage 1 Diversion 
Intake.  The pumps would be used to prime the bypass pipingfor gravity flow at the 30 cfs design 
flow rate. A valve can be installed to stop the siphon if needed. 

2. Utilize two DV325c model pumps for a pumping capacity of 30 cfs for diversions to the HLOW 
Intake.  

a. Pumps would be located downstream of the cofferdam with a centerline elevation at 
approximately 457 ft. 

3. The suction pipeline should include the following characteristics: 
a. Rigid material with solvent welded joints i.e. PVC, HDPE to minimize potential to draw in 

air at joints; and 
b. A minimum of 24” diameter 

4. The discharge and manifold pipeline should include the following characteristics:  
a. Rigid material i.e. PVC, HDPE, ductile iron, etc. 
b. A minimum of 30” diameter; and   
c. A check valve on pump discharge pipe  

5. Valves for operation and isolation  
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Figure 1.  Pump placement on the cofferdam crest at elevation 465 ft. 

 

 
Figure 2.  Pump placement at downstream location at elevation 455 ft.   
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D1. INTRODUCTION 
The purpose of this appendix is to document our review of the available rainfall data, the 
hydraulic modeling results, and the design considerations that led to a recommended size 
for the diversion extension pipe. This appendix has been prepared to support the design of 
the cofferdam and diversion intake structure at the 90% level.  

Bypass pumping would still be required during the Spring and Summer of Year 2 until the 
Stage 2 diversion system is constructed. Bypass pumping would also be required in Year 6 
up to the high-level outlet works intake structure after the diversion system is shut down 
for completion of the low-level outlet works. 

D2. RAINFALL DATA RECORDS 
Streamflow data for the months of April to December at USGS gage 11169800 were used for 
the analysis. The following sections discuss the data and its processing for the hydraulic 
analysis. 

D2.1 INFLOW TO ANDERSON RESERVOIR 
The watershed area above Anderson Reservoir is approximately 193 square miles (mi2). 
Approximately 120 mi2 are regulated by Coyote Reservoir including approximately 109 mi2 
that is gaged (USGS, 2019). In order to estimate inflows to Anderson Reservoir it is 
necessary to estimate runoff from the 84 mi2 of ungaged watershed. 

The Initial Reservoir Dewatering Report (B&V and S&W, 2018) presented a method for 
adjustment of gaged streamflows to represent inflow to Coyote and Anderson reservoirs. 
The method relates drainage area and average annual precipitation, and resulted in the 
runoff ratios (with respect to the gage data) presented in Table D-1. 

Table D-1. Adjustment of Gaged Streamflows to Represent Reservoir Inflow 

WATERSHED 
DRAINAGE AREA 

(MI2) 

MEAN ANNUAL 
PRECIPITATION 

(INCHES) 

RUNOFF 
RATIO* 

Coyote Creek near Gilroy 
(USGS gage 11169800) 

109 27 -- 

Direct Inflow to Coyote Reservoir 120 27 1.1 

Direct Inflow to Anderson Reservoir 75 24 0.6 

* Calculated by method described in Initial Reservoir Dewatering Report (B&V and S&W, 2018) 

 

D2.2 15-MINUTE STREAMFLOW DATA 
15-minute streamflow data at USGS gage 11169800 was available for the period of 1-
January, 2005, to 31-December, 2018. Dates of peak daily flow measurements in excess of 
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220-cfs1 during the months of April through December were recorded. Events resulting in a 
peak daily flow of less than 220-cfs at the gage would be passable by a 6-foot diameter 
diversion extension pipe, and thus were not considered in the hydraulic modeling. The 
resulting streamflow events including peak 15-minute flow rate, peak daily flow rate, and 
ratio of peak 15-minute flow rate to peak daily flow rate are listed in Table D-2. 

Table D-2. 15-minute Streamflow events at Coyote Creek near Gilroy (USGS, 2019) 

DATE 
PEAK FLOW (15-

MINUTE [CFS]) 
PEAK FLOW 

(DAILY [CFS]) 
RATIO (15-

MINUTE/DAILY) 

April 3, 2006 2760 1760 1.6 

April 12, 2010 898 545 1.6 

April 13, 2012 1110 521 2.1 

April 16, 2006 436 280 1.6 

October 14, 2009 3090 497 6.2 

December 2, 2012 3130 708 4.4 

December 12, 2014 2100 845 2.5 

December 13, 2009 485 324 1.5 

December 16, 2016 435 287 1.5 

December 19, 2010 1010 550 1.8 

December 23, 2012 5820 1420 4.1 

December 31, 2005 7440 2300 3.2 

  Average 2.7 

The percentage of peak daily flow was plotted against the percentage of time (see 
Figure D-1), showing a dimensionless representation of the streamflow event hydrographs. 
This enables visualization of the hydrograph shapes for consideration in the synthesizing of 
daily streamflow data records discussed in following section. 

 
1 A storm event with peak daily flow of 220-cfs at USGS gage 11169800 routed through Coyote Reservoir 
and the cofferdam forebay results in a maximum flow of about 280 cfs through a 6-foot diameter pipe at 
maximum cofferdam forebay reservoir level El. 465 (two feet below the top of sheetpile) assuming that 
the Coyote Dam outlet works remains open during construction with enough water stored in Coyote 
Reservoir to maintain environmental release requirements. For comparison, a 30 cfs bypass pump system 
can pass an event with daily peak flow of about 110 cfs at USGS gage 11169800 assuming a starting 
cofferdam forebay reservoir level of 460 feet (7 feet below the top of sheetpile) and similar operation of 
Coyote Reservoir. 
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Figure D-1. Dimensionless Hydrographs from 15-minute streamflow records 

D2.3 DAILY STREAMFLOW DATA 
Daily average streamflow records at the USGS gage 11169800 were available for the 
periods 1-October, 1960 to 29-September, 1982, and 1-October, 2004 to 31-December, 
2018. Dates with peak daily flow measurements in excess of 220-cfs during the months of 
April through December were recorded. These streamflow events and their peak daily flow 
rate values are listed in Table D-3. 

Table D-3. Daily Streamflow Events at Coyote Creek near Gilroy (USGS, 2019) 

DATE 
PEAK FLOW 

(DAILY [CFS]) 

April 1, 1982 4400 

April 2, 1974 884 

April 7, 1963 1350 

April 10, 1965 1270 

April 15, 1963 547 

April 21, 1963 487 

April 22 1967 735 

October 14, 1962 313 

November 14, 1972 694 

November 14, 1981 354 

November 29, 1970 321 
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December 1, 1973 1030 

December 2, 1970 650 

December 6, 1966 1210 

December 17, 1970 715 

December 20, 1981 270 

December 23, 1964 1190 

December 25, 1979 344 

December 27, 1973 992 

December 29, 1965 792 

December 30, 1981 282 

The peak streamflow records listed in Table D-3 were synthesized into 15-minute data sets 
for the purpose of assessing how different sized diversion extension pipes would perform 
during these flow events. The method used to synthesize 15-minute data sets was to select a 
representative hydrograph from those presented on Figure D-1 and scale the daily 
streamflow events accordingly. 

In order to be conservative in the analysis, one event with a higher peak flow ratio was 
selected for use as the dimensionless hydrograph template. Upon consideration of the 
larger storms, the December 23, 2012 storm was selected given that it was in the mid to 
upper ranges of the larger storms.  

The majority of elevated streamflow (peak>220-cfs) occurred within a 48-hour period 
during the December 23, 2012 storm. This storm was therefore easily used to transform 
daily rain events with durations of 1-3 days by simply scaling the December 23, 2012 
hydrograph either up or down according to the peak daily flow of the event in question.  

Some events had longer elevated streamflow records, though it was generally observed that 
a distinct peak would still occur over some 1-3 day period during the event and the rising 
and falling limbs of the hydrographs would have relatively flat slopes. In these cases, the 
same hydrograph shape was used to emulate the period during which the peak flow was 
occurring, and the rising and falling limbs were simply assumed to have a constant flow as 
per the daily record. This allowed consideration of the antecedent flow conditions that 
would impact the available reservoir storage and the bypass systems ability to pass the 
events peaks during longer duration streamflow events. 

D3. HYDRAULIC MODELING 
A hydraulic model was created using the U.S. Army Corps of Engineering Hydraulic 
Engineering Center – River Analysis System (HEC-RAS) Version 5.0.5, released in June 2018. 
The model was used to simulate the routing of the rainfall events discussed in Section E-2 
through Coyote and Anderson Reservoirs and through different sizes of diversion extension 
pipe. The following sections discuss the model and the modeling results. 
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D3.1 MODEL COMPONENTS 
A simplified two-dimensional HEC-RAS model (see schematic in Figure D-2) was set-up to 
simulate hydraulic routing through Coyote and Anderson reservoirs. The following sections 
discuss the various components of the model.  

 

Figure D-2 Schematic of HEC-RAS model 

D3.1.1 Boundary Conditions 

The model assigned inflows into the system at two locations, one upstream of Coyote 
Reservoir and one along the northern boundary of Anderson Reservoir. Although this is a 
very simplified representation of the actual watershed, it was deemed to be a conservative 
approach given its under-estimating simplification of the time-of-concentration process.  
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D3.1.2 Storage-Elevation Relationships 

Simulating the available storage volumes within the cofferdam forebay and Coyote 
Reservoir allowed the model to account for attenuation of peak flows in the two reservoirs. 
The storage-elevation relationship of cofferdam forebay was calculated using bathymetry 
data collected in 2016 (CLE, 2016). The storage-elevation relationships for the cofferdam 
forebay and Coyote Reservoir are presented on Figure D-3 and Figure D-4, respectively. 

 

Figure D-3. Anderson Cofferdam Forebay Storage-Elevation Curve 
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Figure D-4. Coyote Reservoir Storage-Elevation Curve (B&V, 2019) 

D3.1.3 Stage Discharge Relationships 

The stage discharge relationship for the 6-foot, 8-foot, and 10-foot diameter diversion 
extension pipes were generated in HEC-RAS using a 2D Flow Area Connection component. 
The diversion extension pipe was assumed to have a downstream invert of El. 450.5 and be 
750-feet long. The top of pipe at the upstream end was set at El. 463; 2 feet below the crest 
of the cofferdam fill (El. 465). Grades for the 6-foot, 8-foot, and 10-foot pipes were 0.85%, 
0.6%, and 0.33%, respectively. Pipe input parameters are summarized in Table D-4. The 
resulting stage discharge relationships for 6-, 8- and 10-foot diversion extension pipes, 
which were calculated within HEC-RAS, are presented on Figure D-5. 

Table D-4. Diversion Pipe Input Parameters 
PARAMETER VALUE 

Culvert Length (feet) 750 

Upstream Top of Pipe Elevation (feet) 463.2 

Downstream Invert Elevation (feet) 450.5 

Pipe Slope 0.85% (6-foot), 0.6% (8-foot), 0.33% (10-foot) 

Entrance Loss Coefficient 0.5 

Exit Loss Coefficient 1.0 

Manning’s n 0.012 

FHWA Chart # 1 – Concrete Pipe Culvert 

FHWA Scale # 1 – Square edge entrance with headwall 
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Figure D-5. Diversion Extension Pipe Rating Curves 

The Coyote Dam outlet works were assumed to remain open during construction, assuming 
the volume of water stored in Coyote Reservoir was enough to maintain the environmental 
release requirements. This is further discussed in Section E3.1.5.  The elevation-discharge 
relationship for Coyote Dam is presented on Figure D-6. 
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Figure D-6. Coyote Dam Rating Curve (B&V, 2019) 

D3.1.4 Initial Conditions 

The initial water level in the cofferdam forebay was assumed to be at the upstream 
diversion pipe extension invert (El. 457 for 6-foot pipe, El. 455 for 8-foot pipe, and El. 453 
for 10-foot pipe). This was the level that the forebay would drain to given sufficient time 
since the last streamflow event. If records showed streamflow in the days preceding an 
event, this streamflow was included in the analysis to allow appropriate reservoir water 
levels when the event peaks arrived.  

The initial water level in Coyote Reservoir was set according to the rule that enough water 
must be retained to provide a minimum 5-cfs environmental release for the rest of that 
year. The corresponding minimum water surface elevations for each month were assigned 
as the initial water level in Coyote Reservoir as shown on Table D-5. 

Table D-5. Minimum Stage and Storage Requirements for Coyote Reservoir 

MONTH 
MINIMUM STORAGE VOLUME 

(ACRE-FEET) 
MINIMUM WATER SURFACE 

ELEVATION (FEET) 
March 8,300 751.3 
April 7,749 749.8 
May 7,114 748 

October 4,046 737.9 
November 3,653 736.3 
December 3,297 734.8 

*Values obtained from synthesized data 

D3.1.5  Results 

Table D-6 presents a list of streamflow events that were considered in the modeling and the 
results of modeling indicating the smallest diversion extension pipe size (6, 8 or 10 feet) 
that can bypass the flow event or overtopping. 
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Table D-6. Hydraulic Routing Results 

DATE 
PEAK FLOW (15-

MINUTE [CFS]) 
PEAK FLOW (DAILY 

[CFS]) 
RESULT 

April 1, 1982 18,034* 4,400 Cofferdam overtopped 

April 2, 1974 3,623* 884 Cofferdam overtopped 

April 3, 2006 2,760 1,760 Cofferdam overtopped 

April 7, 1963 5,533* 1,350 Cofferdam overtopped 

April 10, 1965 5,205* 1,270 Cofferdam overtopped 

April 12, 2010 898 545 8’  pipe passes flow 

April 13, 2012 1,110 521 8’ pipe passes flow 

April 15, 1963 2,242* 547 10’ pipe passes flow 

April 16, 2006 436 280 8’ pipe passes flow 

April 21, 1963 1,996* 487 8’ pipe passes flow 

April 22 1967 3,012* 735 Cofferdam overtopped 

October 14, 1962 1,283* 313 6’ pipe passes flow 

October 14, 2009 3,090 497 Cofferdam overtopped 

November 14, 1972 2,844* 694 Cofferdam overtopped 

November 14, 1981 1,451* 354 8’ pipe passes flow 

November 29, 1970 1,316* 321 8’ pipe passes flow 

December 1, 1973 4,222* 1,030 Cofferdam overtopped 

December 2, 1970 2,664* 650 Cofferdam overtopped 

December 2, 2012 3,130 708 10’ pipe passes flow 

December 6, 1966 4,959* 1,210 Cofferdam overtopped 

December 12, 2014 2,100 845 10’ pipe passes flow 

December 13, 2009 485 324 6’ pipe passes flow 

December 16, 2016 435 287 6’ pipe passes flow 

December 17, 1970 2,930* 715 Cofferdam overtopped 

December 19, 2010 1,010 550 8’ pipe passes flow 

December 20, 1981 1,107* 270 6’ pipe passes flow 

December 23, 1964 4,877* 1,190 Cofferdam overtopped 

December 23, 2012 5,820 1,420 Cofferdam overtopped 

December 25, 1979 1,410* 344 6’ pipe passes flow 

December 27, 1973 4,066* 992 Cofferdam overtopped 

December 29, 1965 3,246* 792 Cofferdam overtopped 

December 30, 1981 1,156* 282 6’ pipe passes flow 

December 31, 2005 7,440 2,300 Cofferdam overtopped 
*Values obtained from synthesized data 

 
Table D-7 summarizes Table D-6 into the total number of storms during the first and last 
halves of each month, the corresponding number of storms that are bypassed for each pipe 
size, and the number of storms that would overtop the cofferdam sheetpile (El. 467). 
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Table D-7. Hydraulic Routing Results Summary for Storms Greater Than 220 cfs 

DESCRIPTION 
APR 

1-15 

APR 

16-30 

OCT 

1-15 

OCT 

16-31 

NOV 

1-15 

NOV 

16-30 

DEC 

1-15 

DEC 

16-31 
TOTAL 

Number of Storms 8 3 2 0 2 1 6 11 33 
Bypass with 6’ Pipe 0 0 1 0 0 0 1 4 6 
Bypass with 8’ Pipe 2 2 1 0 1 1 1 5 13 

Bypass with 10’ Pipe 3 2 1 0 1 1 3 5 16 
Cofferdam overtopped 5 1 1 0 1 0 3 6 17 

 
As shown in Table D-7, it is estimated that 6-foot, 8-foot, and 10-foot diversion extension 
pipes would bypass: 

 April 1 to December 31 - 18%, 39%, and 48% of historic storms greater than 220 
cfs, respectively 

 April 15 to December 15 - 14%, 43%, and 57% of historic storms greater than 220 
cfs, respectively 

 April 15 to November 30 - 13%, 62%, and 62% of historic storms greater than 220 
cfs, respectively 

The number of historic storms that would pass through the diversion extension pipes that 
would not have been passed by the 30 cfs bypass pump was estimated by counting up the 
number events recorded at USGS gage 11169800 that had peak daily flows greater than 
110 cfs and less than 220 cfs. The resulting number of storms was 14 with 8 occurring in 
April, 2 occurring in November, and 4 occurring in December. In addition to the storms 
from Table D-7, Table D-8 also incorporates the storms between 110 cfs and 220 cfs to 
capture the estimated benefit of the diversion extension pipe over the 30 cfs bypass pump 
system. 

Table D-8. Hydraulic Routing Results Summary for Storms Greater Than 110 cfs 

DESCRIPTION 
APR 

1-15 

APR 

16-30 

OCT 

1-15 

OCT 

16-31 

NOV 

1-15 

NOV 

16-30 

DEC 

1-15 

DEC 

16-31 
TOTAL 

Number of Storms 15 4 2 0 2 3 7 14 47 
Bypass with 6’ Pipe 7 1 1 0 0 2 2 7 20 
Bypass with 8’ Pipe 9 3 1 0 1 3 2 8 27 

Bypass with 10’ Pipe 10 3 1 0 1 3 4 8 30 
Cofferdam overtopped 5 1 1 0 1 0 3 6 17 

 
As shown in Table D-8, it is estimated that 6-foot, 8-foot, and 10-foot diversion extension 
pipes would bypass: 

1. April 1 to December 31 - 43%, 57%, and 64% of historic storms greater than 110 
cfs, respectively 

2. April 16 to December 15 - 33%, 56%, and 67% of historic storms greater than 110 
cfs, respectively 

3. April 16 to November 30 - 36%, 73%, and 73% of historic storms greater than 110 
cfs, respectively 
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D4. DIVERSION EXTENSION PIPE DESIGN CONSIDERATIONS 
Extension of the diversion pipe requires trenching, pipe laying and welding, and trench 
backfilling for approximately 750 feet from the diversion intake structure to the upstream 
side of the cofferdam. The pipe would be trenched through the right abutment for the 
cofferdam. At the cofferdam, the pipe would likely require a reinforced concrete 
encasement to protect the pipe from large loads due to off-highway dump trucks crossing 
the cofferdam that will be hauling embankment materials to and from stockpile areas SA-C 
and SA-H and the Packwood Gravel Borrow Pit. 

Connection to the diversion intake structure will involve a straight forward modification to 
the wall of the intake structure that would be incorporated in the 90% diversion intake 
structure design. The modification would be similar for each of the pipe sizes being 
considered.  

The estimated direct construction cost of the pipe including installation is provided in 
Table D-9. The table includes estimated costs for both steel and reinforced concrete pipes, 
which are presently both considered suitable alternatives.  

Table D-9. Costs of Pipes (Including Installation) in 1st Quarter 2019 Dollars 
DESCRIPTION STEEL PIPE REINFORCED CONCRETE PIPE 

6’ Pipe $540,000 $340,000 
8’ Pipe $765,000 $820,000 

10’ Pipe $1,200,000 $1,225,000 

 

D5. CONCLUSIONS AND RECOMMENDATIONS 
The routing results demonstrate that a diversion extension pipe substantially reduces the 
potential for overtopping of the cofferdam in April, November, and December and thereby 
increases the number of days that would be available during the shoulder seasons for work 
in the reservoir area. Based on available historic flow data, a 10-foot diversion extension 
pipe will bypass 30 of 47 events that would not be able to be bypassed using a 30 cfs 
pumping system. Extension pipes of 6-foot and 8-foot would bypass 20 and 27 of the 47 
events, respectively. 

It is recommended that moving forward into 90% design that a diversion extension pipe be 
incorporated into the project. It is recommended that the bypass pipe have a 10-foot 
diameter to maximize the reduction of risk of cofferdam overtopping.  
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Appendix E:  
Excerpts from Selected References Related to Displacement Method of Construction of 
Embankments on Soft Soils 
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